mending electrical trees with a size smaller than 500 mm. Healing damaged areas at a relatively late stage with larger sizes remains a grand challenge. In addition, when used in thermoplastic matrices, microcapsules may be ruptured during processing, and an alternate design strategy should be applied. Last but not least, in comparison with natural healing systems such as live cells, cells can not only repair themselves but also spontaneously replace permanently damaged or destroyed ones through self-replication. From this point of view, there is a long way to go for artificial self-healing poly-mers, and synthetic living matter such as self-replicating polymers remains at an infant stage. However, with more effort being devoted to this appealing field, we believe that self-healing polymers will perform more smartly and more efficiently, rendering unnatural materials more resilient and more intelligent. 
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Extending the Life of Self-Healing Structural Materials Nima Rahbar 1, *
The ability for materials to self-heal or grow new material to replace damaged material is an easy task for Nature, but not so common in engineering. Current approaches implement crystal-producing bacteria within concrete materials. In this issue of Matter, Srubar and colleagues explore the use of a photosynthetic cyanobacterium embedded in a sand-hydrogel scaffold to produce a promising concrete-alternative.
Concrete, the most used engineering material in the world, is inherently brittle and prone to cracking. This property significantly affects the longevity of the concrete. Additionally, concrete production is solely responsible for 7% of the entire CO 2 emission in the environment. Self-healing cementitious composites are among the most creative responses in the Materials Science and Engineering community to this pressing issue. Microbially induced carbonate precipitation (MICP) introduced by Yonkers et al. 1 was the first successful method to create a concrete system with self-healing capabilities. The physics of the method is based on the growth of calcium carbonate crystal on the surface of the long Figure 1 .
Autonomous Repairing of Electrical Trees in Dielectric Polymers
Mimicking the self-healing property of living organisms in nature, synthetic polymers are endowed with autonomous self-healing property by taking advantage of electroluminescence-initiated photopolymerization to mend electrical trees in dielectric polymers. Adapted from He and coworkers. 2 negatively charged bacteria such as Bacillus subtilis. The creativity lies in the fact that the spores can survive the high pH concrete environment and, later, can come out of the dormant stage upon the introduction of the crack. The active bacteria then facilities the growth of crystal by using the CO 2 in the atmosphere. However, this method has a few issues that make the industrial use of it quite challenging. The main hurdle is the overall speed of reaction and the rate of crystal growth to create a realistic self-healing structural material. Another major issue in this area is the uncertain viability of bacteria in the system. Finally, the overall long-term health effects of these MICP materials are unknown.
Heveran et al. 2 have now shown that by using sand-hydrogel scaffold with Synechococcus sp. PCC 7002, a photosynthetic cyanobacterium, they can address one of the prescribed issues in the field of self-healing materials by extending the life of these class of structural materials. The method is based on the use of cyanobacteria, so they name the proposed material living building materials (LBMs) as it has a regenerative function. Another advantage of LBMs to cementitious materials is the shorter curing time of around 7 days. Similar to previous bacteria used in MICP, cyanobacteria are wellknown microorganisms that can survive extreme environmental conditions, including high and low temperature, salinity, and humidity.
They initiated the fabrication process by inoculating the sand with dissolved gelatin, media, and Synechococcus.
The selection of gelatin is justified given that its melting point (37 C) is compatible with bacterial viability and its scaffold strengthens through physical crosslinking during hydration. The material was then cooled to form a three-dimensional hydrogel network reinforced with CaCO 3 . Synechococcus utilizes the enzyme Rubisco to convert CO 2 to sugars during photo-synthesis. In low CO 2 media, Synechococcus surmounts this limitation by concentrating HCO 3 À from media to CO 2 within the cell and exporting OH À outside of the cell, thereby increasing local pH and promoting CaCO 3 precipitation.
Viability results were not successful for cyanobacteria at low humidity and low temperature but show promising results when the cyanobacteria maintained at relative humidities higher than 50%. The greatest viability was measured for 100% RH. The regenerative potential of the proposed material was measured by the ability of parent material to regenerate successive generations of viable materials. Viability at day 7 of the third generation was around 20% and 40% of the viability of the initial inoculum (0 th generation, day 0) for 50% and 100% RH, respectively. The viability in LBMs for 30 days maintained in at least 50% relative humidity was 9%-14%, which far exceeds literature values of microorganisms encapsulated in cementitious materials for similar time frames (0.1%-0.4%). However, the greater viability in this LBM system might be attributed to the absence of harsh conditions that exist inside cement paste, including ultra-high pH (> 12), high ionic strength, elevated temperatures that occur during exothermic cement hydration, and nutrient depletion. Nevertheless, the advantage of the proposed method is in uniform metabolic response from embedded microorganisms by activating environmental switches, such as temperature and humidity. This scanning electron microscopy-energy dispersive spectroscopy (SEM-EDS) analysis revealed that the regenerated LBMs were capable of biomineralizing the gelatin similar to the parent material. SEM-EDS also confirmed the presence of CaCO 3 in the 0 th , 1 st , 2 nd , and 3 rd generations, and subsequent generations appear to increase the overall volume of CaCO 3 . Therefore, temperature and humidity can be utilized to regulate the metabolic activity of the cyanobacteria and to achieve three successive regenerations of viable LBMs from one parent generation.
The mechanical performance of structural materials is essentially evaluated by their strength and fracture toughness. Therefore, the desiccated rectangular prism samples were tested for compressive strength and fracture energy. Impressively, the results showed that the fracture energy of LBM samples was significantly higher than the abiotic controls and abiotic high-pH control samples. It appears that the sand-hydrogel scaffold provides structural support for Synechococcus, which mechanically toughens the hydrogel matrix via calcium carbonate biomineralization. Although structural function was maximized at ultra-desiccated conditions, prolonged dehydration compromised microbial viability. As in the MICP, the presence of cyanobacteria enhances the fracture toughness in these materials, given that the cell membrane of Synechococcus is essentially made of polysaccharides and amino acids where CaCO 3 can directly nucleate on the membrane. The authors postulate that biological macromolecules (e.g., polysaccharides, lipids, proteins) can incorporate into the crystal, resulting in a toughening mechanism similar to what has previously been shown by Kim et al. 3 Compressive strength, however, was not enhanced by gelatin-batch-or cyanobacteria-mediated mineralization but was significantly affected by specimen type. The abiotic high-pH control had significantly lower compressive strength than either the abiotic or the LBMs, whereas both the LBMs and abiotic controls achieve strength values around the minimum acceptable strength for ordinary Portland cementbased mortars ($3.5 MPa). These results show a tradeoff between bacterial viability and mechanical performance for the LBMs. Because gelatin gains strength with dehydration, peak mechanical performance of LBMs is obtained at maximum dehydration. By contrast, the viability of microorganisms requires a humidity higher than 50%. Therefore, minimum mechanical performance would be obtained at maximum viability conditions.
In summary, Heveran et al. 2 creatively engineered a new class of construction material capable of exponential regrowth with the use of environmental switches and microbial-induced calcium carbonate precipitation. Remarkably, the resulting LBMs have compressive strength values in the range of minimum cement paste and impressive fracture energies. Despite the tradeoff in biological-structural function and relatively low mechanical property values, LBMs represent an exciting material technology that can bring a sensing, responsive, and regenerative multifunctional dimension to structural materials for the built environment. Future work is certainly needed to identify the main toughening mechanism induced by cyanobacteria and to verify the long-term biological viability, mechanical performance, regeneration, possible odor to bacteria death, and overall health effects of these materials.
